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inspectionpoliciesand recentupdatesonpresentconventional, serologic, andmo-
leculardiagnosticmethodsforzoonoticfoodborneparasitesfrombothhumaninfec-
tionandanimal-derivedfoods.






emergence of zoonotic foodborne parasites from animal-derived
foodsamongthehumanpopulationandconsequently,muchresearch
worldwide has been focused on zoonotic foodborne parasites.The
WorldHealthOrganization (WHO) reported some importantmeat-
and fish-borne parasites in 2002, includingAnisakis spp.,Capillaria 
philippinensis,Clonorchis sinensis,Diphyllobothriumspp.,Echinococcus 
spp.,Fasciola spp.,Fasciolopsis buski,Gnathostoma spp.,Opisthorchis 
spp.,Sarcocystisspp.,Spirometraspp.,Taeniaspp.,Toxoplasma gondii,
Trichinella spp., and blood flukes (Dorny, Praet,Deckers,&Gabriel,
2009). Several other soil-transmitted and waterborne food par-
asites have been reported and added to the previous list from the
WHO,suchasAscaris lumbricoides, Cryptosporidiumspp., Entamoeba 
spp.,Giardiaspp., Hymenolepis nana, Paragonimusspp.,pentastomids
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1. Taenia solium (pork tapeworm): In pork
2. Echinococcus granulosus(hydatidwormordogtapeworm):vegeta-
bles, fruits,andotherfood infectedwiththeeggsof thehydatid
wormorhandlingdogs
3. Echinococcus multilocularis (a type of tapeworm): the same as E. 
granulosus
4. Toxoplasma gondii(protozoa):Inthemeatofsmallruminants,pork,








8. Opisthorchiidae (Trematoda, family of flatworms): In freshwater
fishes
9. Ascaris lumbricoides (small intestinal roundworms): contaminated
food,water,vegetables,environment
10. Trypanosoma cruzi (protozoa,Chagasdiseases):mainly insectvec-
tor-bornedisease, butmaybe also fromcontaminated food and
drinks





priority for quality assessment in slaughterhouses and food com-







for specificparasites, ithasdisadvantages suchas impossibility in
detection of someof the parasites infecting stages. It is labor in-
tensive, especiallywhen direct microscopy is necessary, and also
has sensitivity and specificity limitations (Dorny etal., 2009).The
development of molecular biology techniques and medical engi-




Some of the “top ten” parasites such as Echinococcus spp.,
Cryptosporidium spp.,E. histolytica,A. lumbricoides, andT. cruzi are 
mainlywaterborneorsoilborneparasites.Inthisreview,ourmain







foods is to guarantee food safety (Berends & Van Knapen, 1999;
Naugle,Holt,Levine,&Eckel,2005).Aslongasmanhaseatenmeat,
some kindof evaluation of safety andmeat quality hasmost likely
beencarriedout.Earlycontrol systemsare in religious texts,which
gives rules for the edibility ofmeat (Eliasi&Dwyer, 2002; Farouk,
2013). In thiscentury inEurope, theEuropeanCommissionhas im-
plementeda regulatoryprogram178/2002 toestablish thegeneral
principlesandrequirementsoffoodlaws(Frentzel,Menrath,Tomuzia,
Braeunig,&Appel,2013),andalloftheEUmemberstateshavehad
their ownmeat inspection systems longbefore theEuropean com-
monsystem.Forexample,inFinland,trichinellainspectionstartedin




procedures formatters of food safety toEuropeanmember states.
The meat regulatory and inspection programs (regulation numbers
853/2004and854/2004)wereapprovedbytheEuropeanparliament
in2004.Theseprogramswereestablishedtoofficiallydeterminethe
requirements for the hygienic control of consumable products of
animal origin for human consumption. They encompass all animal-
derivedfoods, includingmincedmeat,mechanicallyseparatedmeat,












passes community legislation on health, good hygiene and farming
practices,HACCPprinciples,epidemiology,andtransmissiblespongi-









1. Nergal-Abattoir is a compulsory regulatory system that was de-
signed by the French Ministry of Agriculture and implemented
in several slaughterhouses (Dupuy etal., 2013). It has been a
potent meat surveillance and inspection project in France since
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2006.Thisonline systemcollectsdemographicdata such as age,
sex, and breed and health related data of slaughtered cattle.
2. Advanced technologies have been developed during the past
decadeforthedetectionofhiddenzoonoticfoodborneparasites





3. In 1996, PulseNet USA was established by US Department of
Agriculture (USDA) and the Center for Disease Control and
Prevention(CDC)tocontrolfoodsafety(Ransom&Kaplan,1998),
alongwith veterinary inspection and laboratory diagnostic tech-
niques.Pulsed-fieldgelelectrophoresis(PFGE)(amolecularsubtyp-
ingmethod)hasbeenusedforthedetectionoffoodbornebacterial
infections, such as Escherichia coli O157:[H7] (STEC O157),
Salmonella enterica, Listeria monocytogenes, Shigella spp., and
Campylobacter spp. (Gerner-Smidt etal., 2006). Presently, 50US
stateandpublichealthlaboratories(PHLs)andthoseinmanyother
countriesworldwidehavebeenconnectedbythePulseNetsurveil-
lance network for foodborne infections to share all genome se-




the slaughterhouses andmeatmarkets of low-income countries,










1.2 | Diagnosis of zoonotic foodborne parasites from 
both human infection and animal- derived foods
The control of animal-derived foods for the presence of zoonotic
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niques that are used to diagnosehuman infections can also be ap-




frombothhuman infections andanimal-derived foodsashelminths
(Trematoda, Cestoda, andNematoda) and protozoans. Additionally,
we presented the latest progress in conventional, serologic, and











The life cycle of this fish-borne trematode includes the egg (pro-
ducedby theadulthelminths indefinitivehosts inanaquaticen-
vironment); the miracidium, sporocyst, redia, and cercaria (these





symptoms of infection include bile duct epithelial proliferation,




agent of liver and bile duct cancer (cholangiocarcinoma), and the
InternationalAgency forResearchonCancerhasclassifiedC. sin-
ensisasagroup1biologicalcarcinogen(Bouvardetal.,2009).The
maindiagnosticmethodforaC. sinensis infection is the identifica-
tion of parasite eggs in fecal, bile, and duodenal biopsy samples,
which isconsideredthegoldstandardfor thediagnosisofhuman
clonorchiasis (Nie etal., 2014). An ELISA-based detection of IgY
(eggyolkimmunoglobulin)againstthecysteineproteinaseofC. sin-
ensisdetectsacirculatingantigeninserumsamplesofpatientswith




75.0% in casesofmild infection (<1,000epg)of clonorchiasis.As
anotherattempttodesignanewsensitivemethodforthediagno-
sisofclonorchiasis,areal-timePCRmethodhasbeenusedtode-
tect the internal transcribed spacer 2 sequence (ITS2) from stool
samples infectedwithC. sinensis (Kimetal.,2009).Thesensitivity
of theassaywas100%,andthreeoutof the26samples thatap-
pearedegg-negativebydirectmicroscopicmethodwerefoundto
bePCR-positive.Inanotherstudy,areal-timePCRandhighresolu-
tionmelting (HRM) analysis were used for the specific detection















sitic infections including clonorchiasis.ClonorESTdbdatabase has
beenestablishedasthecollectionofC. sinensisexpressedsequence
tags (ESTs) for genomics studies (Kim etal., 2014; Young etal.,
2010).Thesenoveltechniquesrepresentrobustandcosteffective
choicesfordetectionofESTsofC. sinensisinbiologicalspecimens.
At the moment, only a human C. sinensis antibody (IgG) ELISA
kit is commercially available in themarket fordiagnosisor research
purposes.
2.1.2 | Opisthorchis viverrini




Humans are infected through the ingestion of raw or insufficiently
cooked fish containing trematode larvae (metacercariae) (Worasith
etal.,2015).O. viverriniistheetiologicalagentofcholangiocarcinoma
(a liver cancer subtype) (Sripa etal., 2007). Thehuman immune re-
sponsemediatessomeofthehepatobiliaryfeaturesofopisthorchia-
sis suchas chronic inflammationaround thebiliary treeand severe





ent gold standard for the detection ofO. viverrini is the formalin
ethyl-acetate concentration (FECT)method for stool samples and
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TABLE  1 Thediagnosticmethodsforthedetectionoftheselectedzoonoticfoodborneparasitesfrombothinfectionsand/oranimal-
derived foods
Parasite Classification Conventional methods Serologic methods Molecular methods
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the identificationofparasiteeggsbyadirectmicroscopicmethod
(Worasithetal.,2015).





beenshownthattheantibodies(IgAandIgG)againstO. viverrini are 
present in patient’s saliva aswell as serum (Chaiyarit, Sithithaworn,
Thuwajit,&Yongvanit,2011).Similarapproachwithsomemodifica-
tionsmaybeutilizedforserodiagnosticsofO. viverriniinmeatextracts.
For a molecular diagnosis of this infection, genomic DNA was
isolated from adult and larval trematodes. Genomic regions were
randomlyselectedforaPCR-baseddiagnosismethod.Theassaywas
Opisthorchis-specificwithnofalse-positivecross-reactionwithother
fish-infecting trematodes includingC. sinensis.The sensitivityof the
method was 10−12ngofparasiteDNA.Anotherdetectiontechnique
thathasbeenusedisLAMP,acolorimetric-basedmethod(Arimatsu,
Kaewkes, Laha, & Sripa, 2015). In this method, genomic DNAwas
isolatedfromanadult trematode.Microsatellite2 (OVMS2)andmi-
crosatellite6(OVMS6)wereselectedasthetargetsfordesigningthe
LAMPprimers.The respective specificity and sensitivity of the test
was61.5%and100%.Thesensitivitywasclearlyhigherthanthatof
themicroscopic egg examination.Using thehydroxyl naphthol blue
(HNB)-LAMP, microsatellite 6 (OVMS6) could specifically amplify a
targetsitefromtheO. viverrinigenome,andnofalse-positiveresults
havebeenidentifiedfromotherparasites,suchasO. felineus, C. sin-
ensis, Centrocestus caninus, Fasciola gigantica, Haplorchis taichui, and 
Haplorchoodes spp. Inaddition, theLAMP techniquehasbeeneval-
uated for stool samples, and thesensitivityof theassaywas100%.
Additionally,38.5%ofmicroscopicallynegativesampleswereLAMP-
positive (Arimatsu,Kaewkes,Laha,Hong,&Sripa,2012).Also,NGS






Paragonimus spp. is a crustacean-borne flatworm and a lung fluke
thatisthecausativeagentofparagonimiasisinhumans(Diaz,2013).
Embryonated eggs of Paragonimus spp. are converted tomiracidia,
which infect snails, the first intermediate host. Then, the cercariae
emergefromthesnailsandinfectcrustaceanssuchascrabsorcray-
fish, thesecond intermediatehost.Finally,humansmaybecome in-
fected as the definitive host after ingesting insufficiently cooked
infected crustaceans. The metacercariae subsequently penetrate








The gold standard for the detection ofParagonimus spp. is the de-
tectionofat leastoneparasiteegg inanysamplebythreedifferent
methods, includingwet film (WF), Ziehl-Neelsen stain (ZNS), and a
formalin-etherconcentrationtechnique(FECT).Awesternblotassay















Parasite Classification Conventional methods Serologic methods Molecular methods
















actin-depolymerizingfactorofT. gondii and Eimeria tenella(Kamataetal.,2014).
dAT. gondiiinfectioncanbeidentifiedbyothermethodssuchasinoculationinmice,tissueculture,andahybridizationassay(VanDeVenetal.,1991).
TABLE  1  (Continued)
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Mostrecently,aNGSmethodhasbeenusedtoidentifythetran-
scriptsandpredict theproteinsexpressed inadultParagonimus spp.







and mammals caused by fish tapeworms belonging to the genus
Diphyllobothriumspp.,includingD. latum and D. nihonkaiense. The co-












tionof theeggsandproglottid segments in stool samplesbydirect
microscopicexamination (Waki etal., 1986).Anotherdirect identifi-
cationmethodisradiologicalimagingusinganintraduodenalinjection
ofdiatrizoicacid(HypaqueorGastrografin)forthevisualizationofthe
attachment of Diphyllobothrium to the duodenum.Additionally, an
evaluationofthebloodvitaminB12levelcouldbeanothernonspecific
methodforthediagnosisofdiphyllobothriosis.
Because of the morphologic similarities between different
Diphyllobothrium tapeworms, species-specific diagnosis is challeng-
ing(Chenetal.,2014).Morerecentstudieshavepreliminarilyidenti-
fiedtwoDiphyllobothriumspecimensbyconventionalmorphological












humans are T. asiatica (anAsiantapeworm), T. saginata (abeeftape-
worm),andT. solium (aporktapeworm) (Galan-Puchades&Fuentes,
2013).Theeggsorproglottidsoftheparasiteentertheenvironment
viathefecesofinfectedhumans.Theeggsorproglottidsaretransmit-
tedtocattle(T. saginata)andpigs(T. solium, T. asiatica)asintermediate




infected meat. The swallowed larvae attach to the small intestine

































speciesofTaeniaincludingT. hydatigena, T. saginata, and T. crassiceps,
theresultsrevealedthatthismethodneedsfurthervalidationto im-
prove the sensitivity.Cystswerecollected formslaughteredanimals





T. saginata),whereasHDP-2coulddetect1pgofDNAofT. saginata 
and1ngofDNAofC. bovis.InanotherPCR-baseddiagnosismethod,
themitochondrialcox1genewasusedtodesignaprimer(Chiesaetal.,
2010).Using thismethod, 94.7%of the samples (162/171) showed
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taenia infection,and itwasproposedthat thecox1genemightbea
suitabletargetforthemoleculardiagnosisoftaeniasis.Moreover,PCR-
RFLPhasbeenconsideredasanothermoleculardiagnosticmethodof
taeniasis,especiallytodifferentiatebetweenT. saginata and T. solium 
proglottids.Inthismethod,PCRwasfollowedbytreatmentwiththe
restriction enzyme Ddel (Rodriguez-Hidalgo, Geysen, Benitez-Ortiz,
Geerts,&Brandt,2002).AnestedPCRmethodhasalsobeendesigned








The nematode Anisakis simplex is thecausativeagentofanisakiasis,
whichmaybecontractedfromeggsinthewaterexcretedbyinfected
marine mammals. Larvae hatch from the eggs and become free-
swimming.The larvae are ingestedby crustaceans (an intermediate
host),andtheinfectedcrustaceansareeatenbyfishes(anotherinter-
mediatehost), inwhichthelarvaemigratetothemuscletissue.The
larvaearealso transferred toother fishesandsquidsviapredation.
Thelarvaearetransmittedtomarinemammalsandhumans(thede-
finitivehosts)viatheingestionofinfectedfishanddevelopintoadult
helminths. The most common symptoms of human anisakiasis are
gastrointestinalproblems,includingeosinophilicintestinalphlegmon,





inducestheproductionof immunoglobulinE (IgE) in infectedhuman
blood.Determinationof theantibodyconcentrationby IgE immuno-
blotting,aradioimmunoassay(RIA),aradioallergosorbenttest(RAST),
an enzyme-linked immunosorbent assay (ELISA), and an immunoflu-
orescentantibodyassay(IFA)hasbeenextensivelyused(Dominguez
Ortegaetal.,2000;Sakanarietal.,1988).Inaddition,theproduction
of recombinant allergensby theparasite, suchasAni s1 and Ani s7, 
andtheiruse inaskinprick testhaveshownthatAni s1 and Ani s7 
could,respectively,detect82.1%and92.9%ofgastro-allergicanisaki-






Parasitic nematodesGnathostoma spp. are the causative agents of
gnathostomiasis.Humanexposuretothisparasiteishighlydependent



























bandsweredetermined tobepolypeptidesuseful for thediagnosis
ofneurognathostomiasis.Inanotherimmunoblotanalysis,specificIgG
antibodieswereidentifiedagainstaG. spinigerumcrudelarvalextract














human infectionworldwide is thedomesticpig,whereashorseand
wildboarmeathaveplayedasignificantroleduringoutbreaksinthe
pastthreedecadesinEurope(Gottstein,Pozio,&Nockler,2009).
The larvae of the parasite are located in the striated muscles
(Clausenetal.,1996;Gottsteinetal.,2009;Pozio,2007).Animalsand
humansbecomeinfectedaftertheingestionofinfectedmeat.Thelar-
vaeare released fromthemuscle in thesmall intestine,where they
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formadultmaleandfemalenematodesthatreproduceintheintestinal
mucosa.Thenewbornlarvaemigratethroughtheintestinalwallinto









of the infection (Gottsteinetal.,2009), anddeathshaveevenbeen
reported(Dupouy-Camet,2002).












rentmethods formeat inspection.Detectionofanti-Trichinella im-
munoglobulinG (IgG) inanimal serumordetectionof theparasite
inmeat juice by other assays such as ELISA (Gamble etal., 2000;
Korinkova,Kovarcik,Pavlickova, Svoboda,&Koudela,2008;Wang













subunit ribosomalRNA (rrnL) (Blagaetal., 2009;Borsuk,Moskwa,
Pastusiak, & Cabaj, 2003; Guenther etal., 2008; Li etal., 2011),
themitochondrial small subunit ribosomalRNA (rrnS) (Blaga etal.,
2009),theDNAsequenceofthe5SrRNAintergenicspacerregions
(Rombout etal., 2001), andmigratoryDNA fromTrichinella larvae
(Li,Wang,&Cui,2010).Aneffectivestrategyforthespecificdetec-
tionoftrichinellosisistheidentificationofagenomicorproteomic
determinant absent in thehost genomeorproteome (Duplessis&
Moineau, 2001). In a recently designedmolecularmethod for the
identification of Trichinella spp., the β-carbonic anhydrase (β-CA)
genome sequence from T. spiralis was used for the PCR-based
detectionof trichinellosis (ZolfaghariEmameh,Kuuslahti,Nareaho,
Sukura,&Parkkila,2015).Thismethodhadno false-positive reac-
tionwith other parasites, includingT. gondii, T. cati, and Parascaris 
equorum.Additionally, itwassuggestedthat theβ-CAgenomicse-
quencetargetedbyPCRcouldbeareliablegenus-specificmethod







Sarcocystis spp. are parasitic protozoa and the causative agents of
zoonotic sarcocystosis in humans. The taxonomy of Sarcocystis is
developingwithmanyspeciesinthegenus;189specieshavebeen




fortwoSarcocystisspecies,S. hominis and S. suihominis,buthasalso

















the parasites occur in the intestine (Dubey etal., 2015). The gen-
eralsymptomsofsarcocystosisdependonwhichroleoccursinthe
human,butcan includemyositis, fever,abdominalpain,distension,
eosinophilia, andwaterydiarrhea startingat approximately1week
post infection (Bunyaratvej, Unpunyo, & Pongtippan, 2007; Fayer,
2004).
Visual inspection for identification of macroscopic cysts of
Sarcocystisspp.inthetongue,esophagus,andheartsofanimalsis
thepreferredmethodfordetectionofsarcocystosisinanimalcar-
casses (Bittencourt etal., 2016). Some species produce only mi-
croscopiccyststhatcannotbeobservedbyvisualinspection.One
studyusedadirectmethodforthediagnosisofsarcocystosisbased
on a biopsy from infected meat and a microscopic examination
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afterH&EandPeriodicAcid-Schiff(PAS)staining.Adifferentdirect
method fordetectionof sarcocystsusedapepsin-digestionassay





serologicidentificationassayscross-reactedwithT. gondii. The con-
tradictoryresultsindicatedthattheseserologictechniquescannot
beconsideredasgoldstandardsfortheidentificationofsarcocys-
tosis.AnewreportsuggestedahighprevalenceofS. hominis in the 
European beef market (More etal., 2014). Meat specimens from
differentsupermarketsandbutcheriesinGermanywereevaluated
bymicroscopicandmolecularmethodsincludingconventionaland
multiplex real-time PCR. The target gene for the PCR diagnosis
methodwas the18S ribosomalDNA (rDNA).The results showed
that52%,37%,6.6%,and6.2%ofthemeatsampleswerepositive
for S. cruzi, S. sinensis, S. hirsuta, and S. hominis(Vangeeletal.,2007).
Amongthesespecies,S. cruzi, S. hirsuta, and S. hominismainlyuse
cattle as their intermediate host (Dubey& Lindsay, 2006). In ad-




(Vangeel etal., 2007).The results showed sarcocystis infection in
97.4%ofmeatspecimens,whichwasacriticalwarningforEuropean











detection of S. neuronainequineprotozoalmyeloencephalitis.
2.4.2 | Toxoplasma gondii
Toxoplasma gondii is an intracellular protozoan and the causative
agentofhumantoxoplasmosis.Parasiteoocystsarereleasedinthe
fecesoffelinesandingestedbyotherwarm-bloodedanimalssuch




Although the ingestion of both tissue cystswith bradyzoites and
oocysts canbea sourceof toxoplasmosis,humansareusually in-
fectedaftertheconsumptionofinfectedmeat.Fetalabnormalities
mightresultfromtheinfectionofapregnantwomanwiththepara-
site, suchas spontaneous abortionorneurological disorders (e.g.,
blindness,mentalretardation,ortoxoplasmicencephalitis)(Black&
Boothroyd,2000).
Meat inspection in slaughterhouses does not include T. gon-







tion (Udonsom, Buddhirongawatr, & Sukthana, 2010). The Sabin-
Feldmandye testhasbeenthegoldstandard for thedetectionof
anti- Toxoplasmaantibodiesinaserologicassay.Infact,severalsero-
logicmethodsareavailableforthedetectionofT. gondii. The detec-




concentrationbioassay and an indirect immunofluorescence tech-
nique (Bayarri, Gracia, Perez-Arquillue, Lazaro, & Herrera, 2012).
Moreover, a rapid immunochromatographic strip (ICS) has been
designed to detect T. gondii circulating antigens in animal blood
duringtheacutestageofinfection(Wangetal.,2011).TheICShas
beencomparedwithanELISAmethod. In381serumsamples,the
positive rates of the ICS andELISAwere 5.2% and5.8%, respec-
tively.Another serologicdiagnosticmethod forT. gondii is a rapid
one-stepsandwichELISA,whichwasdesignedtodetectasoluble
antigen (CAg) from infectedbloodand tissues (Chenetal., 2008).
Amagnetic-capturepolymerasechainreaction(MC-PCR)wasused
to detect T. gondiiDNAin231horsemeatsamplesfromFrenchsu-
permarkets for themolecular identification of toxoplasmosis, and
theresultswerecomparedwithanELISA(Aroussietal.,2015).The
MC-PCRdetectedT. gondiiDNAin43%ofthehorsemeatsamples,
while the ELISAwas able to detect the infection in 13%–90% of
thesamples.Therefore,nocorrelationwas identifiedbetweenthe
MC-PCR and ELISA assays for T. gondii DNA. In addition, T. gon-
dii ITS1-derived primers and a fluorogenic probe have been used
to detect theprotozoan infection inmice andporkmeat samples
by real-time PCR (Jauregui, Higgins, Zarlenga, Dubey, & Lunney,
2001).ThisassaywasabletodetectoneT. gondiibradyzoite,which
isequivalentto0.1pgofT. gondiigenomicDNA.Itwasnotedthat









At present, there are different types of commercial rapid, sero-
logic,andmolecularmethodsfordetectionofT. gondiiinthemarket:
TORCHrapidtest, latexagglutinationtest (Pastorex™)fordetection




The “top ten” foodborne parasites of the FAO-WHO in July 2014
(FAO,2014)indicatethatparasitesincludingT. solium, T. gondii, T. spi-










Promising results have been obtained with high sensitivity and
specificity and are the main reasons that the FAO, theWHO, and
theOIE(WorldOrganizationforAnimalHealth)havepublishednew
guidelinesforthesurveillance,management,prevention,andcontrol




proved asvalid identification tools for the identification of parasite
species.
Thesemethods include commercial serologic detection kits and
DNA-based molecular research techniques, which should be auto-
mated for large-scaleuse in foodproduction fromanimaloriginsas
wellasresearchfoodandqualitycontrollaboratoriesoffoodproduc-
tioncompanies.
Additionally, thesemethods can be applied now to develop se-
lectedparasite-freefarmingsystemsforspecificconsumergroups,al-
thoughastudyoffarmingconditionsrevealedthattheircurrentstatus
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